Coastal lagoons are important for coastal and marine biodiversity. Nevertheless, they are very sensitive and vulnerable to human impacts, which often result in a decrease of their biodiversity and degradation of their water quality. Considering recent efforts for ecological restoration of coastal lagoons, it appears appropriate to compare the social representations of users of the coastal lagoons and of inhabitants, with ecological diagnoses of biodiversity and water quality. The main question is whether there is congruence between water quality defined by environmental criteria on one hand and the social representations of these issues by lagoon users and local populations on the other hand? How can we explain the social representations of lagoons concerning landscape, water quality and biodiversity? This study was focused on two Mediterranean lagoon areas, i.e., the Palavas lagoon complex (Gulf of Lions) and Biguglia lagoon (Corsica). We have documented these changes of ecosystem states using the criteria of regional monitoring programs that anticipated the implementation of the Water Framework Directive (WFD). Accordingly, both systems have shown bad water quality in the past with recent improvements. For studying the social representations, we conducted 267 surveys with lagoon inhabitants that live close to the lagoons and users of these spaces. In general, most of the residents living close to the lagoons considered that water quality is moderate to good, that biodiversity is good to high and that the current situation is better than in the past. However, some discrepancies between social representations and ecological diagnoses were observed.
 1 
1-Introduction
Coastal lagoons occupy 13% of the world's coastline [1] . Lagoons have been of great interest to human societies because these ecosystems support high biological productivity and are the support of economic and sociocultural activities. However, many of these ecosystems have suffered ecological degradation particularly due to human impacts including nutrient over-enrichment, contamination and habitat destruction. These human impacts concern the lagoons worldwide [2, 3] . Environmental awareness in certain countries has resulted in actions for combating the pressures and initiating ecological restoration of coastal lagoons in order i) to reduce natural risks (e.g., combating flood risks), ii) to stop the loss of biodiversity [4] , iii) to improve the water quality [5] , and iv) to eliminate invasive species [3] . Thus The main purpose of the WFD is the protection and where necessary restoration of water quality of surface waters, including coastal lagoons. The final objective is to achieve at least good ecological status for all water bodies with clear milestones defined by the end of three different management cycles finishing in 2015, 2021 and 2027, respectively [6] . According the WFD, good status is defined as 'small' deviation from the reference conditions of a surface water body type; while the Mediterranean coastal lagoons are considered to belong to the transitional waters type in the Mediterranean ecoregion. The WFD also provides the guidelines and framework for the assessments of the ecological quality status of aquatic ecosystems [7] . But, because of the subsidiarity principle, the member states developed their own monitoring programs and assessment systems, which have been intercallibrated within the Ecoregions [8, 9] .
The Western Mediterranean and the French Mediterranean coastline are also considered regional biodiversity hotspots and comprise a high concentration of vulnerable ecosystems where the aims are to reduce human pressures and to increase conservation [10] . Recent studies underscored the need for a holistic approach to assess the vulnerability of ecosystems to natural processes [11] . Hence, the study of the interactions between the natural processes and human dynamics and their resulting pressures on coastal lagoons implies that all dimensions of the coastal lagoon socio-ecosystem should be considered. The main objective of this study is to combine methods from different disciplines, each with their individual concepts and know-how. These included aquatic ecology, geography and sociology. The latter two disciplines adopted a real interdisciplinary approach, which results were compared to the ecological data to articulate knowledge on a similar object, i.e. the selected lagoons. Research about the social representation and perception of the common public is a prerequisite in this respect. One of the social objectives of this research is to study initially, how the local people perceive this improvement of water quality, and secondly, which are their representations of these lagoons. Are there differences between the water quality assessments according the normative approaches implemented by the WFD and the social representations? If there are any differences, how can these be characterized? To answer these questions, the ecologists made an ecological assessment of the lagoons using monitoring data collected over approximately ten years and applying the French system for assessing the ecological quality status for transitional waters in the Mediterranean Ecoregion. The geographers and the sociologist were interested in the social representations of the residents and users of lagoons.
In this paper, the case studies include two French Mediterranean lagoon complexes (e.g. the Palavas lagoon complex and Biguglia lagoon). Three reasons explain the justifications of these case studies. First, these lagoons situated in the proximity of major urban centers [12] and have, therefore, been subjected to many of the urban pressures cited above. Second, the French assessment system for the WFD described the water quality initially as bad to poor, but it has improved gradually after the recent ecological restoration efforts [13, 4] .
Third, the two systems differ with respect to spatial planning [12] , ownership and management. The Palavas lagoon complex ( Fig. 1 ) comprises seven lagoons with a surface of 3,880 ha. Together with their fringing wetlands, the surface exceeds 6,000 ha. Since the 1960s, this territory has been very attractive and has undergone high demographic growth; presently, the urban agglomeration Montpellier Méditerranée Métropole has more than 400,000 inhabitants. This resulted in a high level of urbanization near the lagoons with various types of pollution and degradation of these ecosystems. These lagoons have suffered from nutrient over-enrichment for four decades until 2005 [13, 14] . The surface of 11-km long, Biguglia lagoon ( Fig. 1) is 1,460 hectares. Since 1999, the territory of the Biguglia lagoon has been subjected to a strong demographic pressure [12] . Bastia, the town just located north of the lagoon, comprises more than 40,000 inhabitants and the municipalities located nearest to the Biguglia lagoon have each between 5,000 and 8,000 inhabitants.
Biguglia lagoon has been profoundly altered for 40 years by nutrient inputs and poor hydrological management [15] . The assessment of the ecological quality status according WFD guidelines is based on measuring Ecological Quality Ratios (EQR) using biological quality indicators (BQI), which are translated into quality classes. The overall score for the ecosystem is based on the principle "one out all out" [7] . The database developed by the Lagoon Monitoring Network (Réseau de Suivi Lagunaire) has been used to evaluate the eutrophication status of lagoons [13] . This network has pioneered the use of bioindicators in the Mediterranean lagoons to gauge the ecological status and provided the basis for the French assessment of ecological quality status for the WFD in Mediterranean transitional waters (see Annexe Table) . Hence, submerged macrophytes and phytoplankton have been used as biological quality indicators (BQI) of lagoon ecological status, because they display community-level responses to nutrients in the water [16, 17] . Physicochemical parameters such as inorganic nutrient The theory of the social and mental representations was developed during the 1960-1970s by Moscovici [18, 19] . French geographers have been interested in social representations since the 1970s [20, 21] . Social representation has been described as a collective phenomenon pertaining to a community, which is constructed collectively by the individuals of that community in their daily talk and action. Hence, it can be defined as the ensemble of thoughts and feelings being expressed in verbal and overt behavior of stakeholders, which constitutes an object for a social group [22] . Social representations are the interpretative filters of reality. The social representations are an abstraction and a synthesis carried out of the true life experiences, repeated perceptions and the movements realized. It is a discontinuous, indistinct and unfinished, not an objectively true representation, which depends on partial information. It has been built with each one of us advents, based on the perceptions and knowledge accumulated since childhood [23] .
In order to compare studies, the methodology was the same for the two lagoon systems. One This study is based mainly on comparing and combining the qualitative data and the quantitative data. Only three closed questions of survey B were used and interpreted quantitatively, which were completed with and strengthened by qualitative data when it was possible. Quantitative treatment of the data gives the trends of the perceptions and feelings, verbatim provides the wording that illustrate these trends and clarifies the perceptions.
Topics concerning water quality and biodiversity concerned less than ten questions because that was not the main object of the REPERBIPa project [24] .
The data from the questionnaires (B survey) were treated by cross-tabulation analysis [25] .
The relatively small size of the sample does not allow more sophisticated processing (as e.g., a factorial analysis). To obtain the confirmation that certain sociodemographic variables (e.g., age) have an effect on the representation of the inhabitants, chi-square test or Fisher's exact test were made every time. The semi-structured interviews (A survey) were treated in two ways: first, the interviews were analyzed in depth to understand the representation of the coastal lagoons users and extract significant verbatim [25] , then the questions adapted for statistical treatment were analyzed by cross-tabulation, like for the B survey.
3-Results

Improvement of water quality (Ecological diagnoses)
The eutrophication indicators from the monitoring program (Lagoon monitoring network) and the assessment of ecological quality showed that the water quality of Palavas lagoon complex have improved since 2005 [13] , after the Montpellier Waste Water Treatment Plant was upgraded and its effluents have been discharged 11Km offshore. Nevertheless, the improvement has been less pronounced for the heavily impacted lagoons (hysteresis). In 2004, eight of ten stations were in a bad ecological state and only one was in a good ecological state. Six years after, only two of eleven were in a bad ecological state but only two were in a good ecology state [13] . In 2011, two of the three indicators were assessed as good for Ingril and only the macrophyte indicator was moderate. In contrast, while some improvement was observed for Pierre Blanche between 2004 and 2011, the indicators still ranged from poor to moderate in this lagoon ( Fig.1 and Table 1 ).
Concerning Biguglia lagoon, from 2003 to 2009, the water quality was described as poor or bad according the French WFD assessment, while it has improved gradually after the recent restoration efforts (from 2009 to 2014; Table 1 ). Nevertheless, while only the physicochemical conditions of the water column were good for the latter period, phytoplankton and macrophytes improved marginally to poor and moderate, respectively.
Recent ecological restoration efforts correspond to improved treatment of urban effluents and increased hydrological conditions of the lagoon. Generally, inhabitants of the two lagoon systems show a social representation of water quality that is more optimistic than the ecological assessment based on bioindicators (Table   1 and Fig.2 ). In 2014, for Palavas lagoon complex, more than half interviewees considered that the water quality was good or moderate and a quarter answered that the water quality was bad or poor (survey B). For Biguglia lagoon, the majority of the interviewees considered that the water quality was good or moderate (survey B). Yet, for Biguglia lagoon, people who considered that water quality was bad were proportionally more numerous than that of the inhabitants living close to the Palavas lagoon complex adopting this opinion, and the results show an effect of age structure (Fisher test, N=45, p=0.05). The half of this one third was the youngest age categories, and more people were old, less they were numerous to share this opinion.
The interviewers did not directly question the users about their perception of the water quality, but they inquired the inhabitants living close to the lagoons (B survey). When inhabitants never go to lagoons, the interviewers stopped directly the questionnaire; in that case, they did not ask the question about the water quality. For the Palavas lagoon complex, one fifth of interviewees could not answer because they never visit the lagoon complex, and for Biguglia lagoon, this was the case for one third of the interviewees. The results do not show a effect of site (Fisher test, N= 98, p =0.83).
To compare results of each study (ecological diagnoses and social representations), the five quality states for the water quality proposed in the questionnaire are the same as those used by the WFD, i.e., high; good; moderate; bad; and poor. The results of social representations about biodiversity help to understand those of the water quality, because the biodiversity is a consequence from the water quality. The inhabitants considered the biodiversity, easier to see for them, higher than the water quality (Fig.3) .
Nobody thinks that the water quality was high, whereas one third of interviewees of both lagoons considered the biodiversity as high, and more than another third of the interviewees considered the biodiversity of lagoons as good (B survey) ( Fig.2 and Fig.3) . The results do not show an effect of site on the social representation of biodiversity (Fisher test, N= 88, p=0.13). For this closed-ended question of the questionnaire, the interviewees could choose one answer among five, the same answers as for the water quality (ecological diagnoses and social representations), except for "moderate" which was not proposed for the biodiversity, and the response modalities "poor" and "bad" divided in two modalities. (Fig.4) . Fishes, which are hardly visible for most people, and other animal species were rarely mentioned. However, the interviewed people showed very little knowledge about the animal species living in the lagoons. Often they invoked generalities only as "birds" or "fishes" and emblematic "Greater Flamingo". In the Palavas lagoon complex, Greater
Flamingo was the most symbolic animal species for half of the respondents. In the Biguglia lagoon, "birds" and "Greater Flamingo" were the most representative animal species for one fifth of the interviewees (Fig.5) .
People associated the efforts of maintenance, accessibility with management for the improvement of biodiversity and landscape. More than half interviewees who declared that they found the landscape have changed for the last ten years, claimed, "There are more fishes", "more vegetation", "more maintenance", " (Fig.6 ). The half of the oldest age category (above 60 years) indicated the photo 4 and the photo 3 that show the places of fishing when, more than 20 years ago there was no ban for the recreational fishing (Fig.6 ).
For the Palavas lagoon complex, the test results with the photos show that, the socioeconomic categories, i.e. the age or gender, were not significant explanatory variables of the social representations of the landscapes and the choice of species symbolic systems (Fisher test, N= 137, p > 0.05) (A and B surveys).
Fig. 6: Effects of the age structure on the social representation of landscape of Biguglia lagoon of users and inhabitants -(2014) (Surveys A and B)
The opinions on the utility to continue or not the preservation were differences one lagoon to another, because managing are differences. For the Palavas lagoon complex, less than half of the people considered that it is necessary to continue to protect lagoons, more than half of the inhabitants did not take position (B Survey) (Fig.7) Furthermore, numerous users considered that the users of the sites did not respect the regulation (A survey). The institutions or public authority applicated the regulation too little.
The problem was the conflicts between users: "more policemen to control where necessary.
Perhaps regulating certain activities at specified times... people have the disrespectful behaviors… People do not respect the sites and regulations" (Woman, Bois des Aresquiers, 2014, (A survey).
For Biguglia lagoon, more than three-quarters of the inhabitants interviewed considered that it was important to continue to protect this lagoon while one fifth did not pronounce an opinion (survey B). "The important issue is to preserve" (Woman, Ecomuseum at Biguglia lagoon, 2014, survey A). The results show an effect of age structure on opinion about the utility to continue to preserve the lagoon (Fisher test, N= 45, p < 0.0001). Nine for eleven young people did not know if the lagoon had to continue to be preserved (B survey) (Fig.8 ).
In the guided discussion, the open-ended questions on regulation to preserve this site completed the results of the closed-ended question in the questionnaire: the aim was to know the arguments of interviewees.
Fig. 7: Opinions of inhabitants about the utility to continue to protect Palavas complex and Biguglia lagoons-(2014) (Survey B)
Fig. 8: Effects of the age structure on the opinions of inhabitants about the utility to continue to protect Biguglia lagoon -(2014) (Survey B)
4-Discussion
Managing of lagoon environments: a contributory factor of opinion on the preservation
The opinions on the utility to continue or not the preservation were different between both lagoons, because the management is different (B Survey) (Fig. 7) . Nevertheless, this has improved since the creation of the SIEL syndicate 4 and the nomination as a Natura 2000 site. In course of time, the local people observed how their freedom of actions has been reduced gradually for the benefit of protection measures that differ, however, according to places. Another study, which was focused on the evaluation of the benefits of ecological restoration of ecosystem lagoons [29] , completes the analysis of the results presented in this paper. The perception of the lagoon ecosystems and its associated ecosystem services was studied, more than 85% of interviewees recognized the need for ecological restoration of Méjean lagoon [29] . Méjean lagoon is one of seven lagoons situated in the East of lagoon complex. While in that study [29] , people had been interviewed in Montpellier and in the eastern part of Palavas lagoon complex, in this study presented in this paper, people of the western part of lagoon complex had been interviewed, who often did not visit Méjean lagoon. Residents of Montpellier often consider Méjean lagoon as an urban park. Hence, the geographical concept of the "Way of living" [30] of local populations differs between the eastern and in the western part of Palavas lagoon complex. This concept takes the subjectivity of inhabitants into account considering that people rethink the landscapes and act on it. Thus, this concept considers the interrelation between the landscapes and the inhabitant, and how both are connected through the subjective representation of practices of places. The residents of the eastern part, would like to be more free and so they would agree a restoration of lagoon only if it don't decrease their freedom.
For people, more difficulties to assess water quality than biodiversity
The implicit reasoning of interviewees (survey B) is that the water quality is given by the quality of biodiversity and according their activities on the lagoon. The results of bioindicators show a positive trend for the water quality in both lagoon areas ( Table 1 show a high degree of inertia [4, 16, 17] .
In generally, the inhabitants of the two lagoon systems (B survey) show a social representation of water quality that is more optimistic than the ecological assessment based on the bioindicators (Table 1 and Fig. 2 ). The social representation of water quality is considered in relation to perceptions of biodiversity ( Fig.2 and Fig.3 ). Thus, people cannot evaluate directly the water quality; they perceive it from their appreciation of the importance of biodiversity. Hence, they often attribute a higher quality class to the water quality than according the French WFD assessment.
For two lagoons complex, the interviewees used the fringing wetlands and beaches for the recreational activities (swim facing the sea and not in the lagoon and the hedonistic practices on the fringing wetlands as walks or bicycle riders, picnic…). It was not useful for them to know the water quality because they had no professional links with the lagoon or activities using the water of lagoon. Water quality is not obvious for people and the components of biodiversity are more visible than the bioindicators of water quality. People represent it to themselves from what they can see, as e.g., the presence of solid waste or the presence of birds, fishes, and plants. In this study, people saw an improvement of the biodiversity. And yet, biodiversity is very difficult to define in the context of social sciences. The latter also reflected in the answers of the inhabitants; their naturalistic knowledge is vague (Fig.5) . In this study, the users and inhabitants (survey A and B) used generic terms to describe the biodiversity a way that was very similar to that observed in a study of the social representation of wetlands in France [31] . Hence, it appears that the wetlands and lagoons are perceived as a landscape rather than as a specific environment that is home for certain species [32] . In fact, for people, the biodiversity is only one constituent element of the landscape. People search for a peaceful nature and wish to enjoy it during very short duration [33, 34] . The environment offered by the natural site is essential, but features that are considered as most important are the tranquility, the pleasant nature and the aesthetics, while biodiversity receives less attention [33, 34] .
The advantages of studying the social representation are to highlight the links between water quality and the biodiversity and to learn about the feeling of people through their knowledge and from what they see. This subjective data is important for managing the lagoon environments. The background aims to know if it is necessary to develop, for the inhabitants and users, a better communication about the state of water quality and about the managing applied to reach a better water quality.
The limitation is this data represent only the trend of subjective judgments of the interviewees, who represent imperfectly the population. And no clarification was given to explain why the interviewees had to choose between high, good, moderate, bad and poor to describe the water quality. Indeed, the result of this study could have been completed by the knowledge about the specific facilities to assess the water quality, yet no question had been integrated on that in the questionnaire.
Effects of age on the social representation of lagoon and on the practices
In Biguglia lagoon, for the oldest interviewed, the iconic landscape of this lagoon represented the former places of recreational and professional fishing; they chose the two photographs which show those places (A and B surveys) (Fig.6 ). They remembered and kept this image of practices, because in former times, Biguglia lagoon was an important place for recreational and professional fishing for the local population. However, the recreational fishing has been prohibited since twenty years, when the natural reserve was created.
Currently, only one professional fisherman works in Biguglia lagoon. The lagoon is still renowned for that, the yield is sold on the local market and a part is exported in Italy. One of the characteristics of the social representations is that they are resistant to incorporate changes, a phenomenon known as the anchoring bias [23, 35] . Under 29 years old, were less than ten years and a part of them were less than five years when the prohibition of recreational fishing has been decided and implemented. That explains the youngest people choose other photographs than the oldest people. The youngest respondents were not aware of this history. They represented Biguglia lagoon to themselves as a nice landscape, albeit not very accessible and not visible from the coastal plain and from the lido, located between the mountain and the beach, where they develop their recreational activities (A and B surveys) (Fig.6) . The youngest did not know the lagoon or very little, they preferred to enjoy to the beach (on the Lido) (A survey). Those results reflected what the authors saw in the fieldwork from Bastia to the beach (Lido Marana). In Corsica, history, culture, ancient practices are very important for the generation of 45 years old and more [36] .
"Photo-based preference judgments have been shown in numerous studies to be highly reliable and of consistent validity. In particular, group-to-group reliability of rating judgments for groups drawn from the same population is generally high, and test-retest reliability is also generally high […] . And studies have repeatedly shown that judgments of the same areas" [37] .
Indeed, for Biguglia lagoon, the results show an effect of age structure on social representation of water quality and thus on opinion to continue or not to preserve the lagoon.
One third of the inhabitants close of Biguglia lagoon believed the water quality is bad (B Survey) (Fig. 2) . More people are young, more they doubt on utility to preserve the lagoon (Fig.8) (B survey). The lack of interest of youngest people for lagoon may be an explication.
But, the lack of communication about the actions to improve water quality and their results is an valid explanation. Before the 1990s, the water quality was bad, and one among the reasons to create a protected area for this lagoon, was to improve its water quality. As the youngest people did not go to the lagoon, they did not see the difference before the 1990s because they were still too young, in particular for those who were born after 1990. Thus, those people did not know to continue to preserve (B survey) (Fig.8) .
Conclusion
In general, users and residents living close the Palavas and Biguglia lagoons consider that the water quality and biodiversity are moderate or good. For most of them, the current state is better than in the past, which is recognized as being the result of local actions realized by management policies. However, collectively the joint approach based on ecology, geography, and sociology underscored the impact of local management policies on social representations. Hence, inconsistencies between social representations and ecological assessments based on bioindicators were detected. The lack of communication about water quality assessments, according WFD methodology, and the management actions designed to improve water quality, lack of knowledge on lagoon biodiversity, and strong anchoring bias all contribute to highly subjective valuation by the resident populations of water quality and biodiversity in coastal lagoons. As observed for many protected areas, the conservation management of these lagoons falls short with respect to addressing the general public.
Public awareness of water quality, as well as understanding of the real state and the causes of water quality and biodiversity in coastal lagoons, is necessary to gain support for effective management and to protect or to restore these ecosystems [38] . The inclusion of an assessment of social representations in decision support and communication can make the management more efficient. However, this approach requests that people can visit and enjoy the ecosystems, which implies that a balance must be sought between restrictions and providing the access facilities for various human practices.
Annexe 
High
The reference species are dominant covering > 75 %, Opportunistic macroalgae may be present locally
Good
The reference species dominate covering between 50 and 75 %, Opportunistic macroalgae may be present locally
Moderate
The reference species are present, but not dominant (cover between 5 and 50 %). Opportunistic algae proliferate and may cause recurrent dystrophic crises.
Poor
Reference species are present at less than 5 % coverage. Opportunistic species do not predominate permanently, but may cause general dystrophic crises. Species number > 3
Bad
Reference species are absent; only opportunistic speciesmay proliferate and cause general and recurrent dystrophic crises. Species number < 3.
